Introduction
Increased costs associated with the use of high quality materials led to the need for local soils to be used in geotechnical and highway construction [1] . Often however, high water content and low workability of these soils pose difficulties for construction projects. Frequently, additives such as lime, cement, fly ash, limecement-fly ash admixture, cement kiln dust, emulsified asphalt, Geofiber, and Polymer stabilizers are used to improve their engineering properties. The choice and effectiveness of an additive depends on the type of soil and its field conditions. Nevertheless knowledge of mechanistic behavior of treated soil is equally important as selecting the stabilizer [1] .
Portland cement is the most important hydraulic cement utilized extensively in various types of cement stabilization of lateritic soils. Cement acts as a binder and provides the much desired hardening and strengthening properties. The addition of cement also increases compressive strength, the resistance of lateritic soils to freezing and thewing, wetting and drying. It also affects the particle size of fine particles [2] . The beneficial effects of cement on the performance of soils have been widely documented [3] [4] [5] [6] . Cement treatment leads to improvement in the mechanical properties of soils. However, the findings of different researchers on the role of Portland cement on compacted properties as well as strength and modulus have not been entirely consistent. For example, [3] and [7] reported cement treatment increased cohesion while internal friction angle remained constant. On the other hand, [5] stated that internal friction angle increased significantly. Some studies have indicated that at very low cement contents, improvement in strength is due to an increase in friction angle rather than cohesion [8] [9] . Research has also shown that cohesion increases with curing time while friction angle remains constant [10] [11] [9] . [9] reported that cement treated soils exhibit brittle types of failure at low confining pressure i.e Mohr-Coulomb failure envelope for cement treated soils is curved.
Conventionally, Portland cement has appreciably improved the properties of the soil [12] [17] . [12] also stated that cement stabilized samples exhibited the highest curved strength when compared with lime and some mixture of both. [17] also established that 4% cement can be recommended as an optional content to stabilize soil from parts of Northern Nigeria.
[12] noticed an increase in the compressive strength of lateritic soils with cement content. [16] stated that full-depth reclamation and cement stabilization enabled significant volumes of in-place granular materials to be reclaimed and strengthened while allowing for the installation of a woven geotextile and sand drainage system over a wetted-up subgrade in a more cost-effective and sustainable construction manner.
Interestingly, compaction delays have been shown to affect some properties of lime stabilized soil [18] [19] but much have not been stated regarding the influence of compaction delay on CBR and UCS of cement stabilized yellowish brown tropical soil. Compaction delays have been shown to affect certain properties of lateritic soil-lime mixtures [18] [19] . This work investigates the effects of compaction delays on the properties of cement stabilized lateritic soil. Results from the study are used to predict the compaction and strength properties of the stabilized soil based on variables that include time delay.
II. Materials And Methods
The natural soil sample was obtained manually from a borrow pit that has been left fallow for a long period of time at a depth of about 1m and was taken to Geotechnical Laboratory where several tests were performed on it.
Following the collection of sample from the pit, the sample was divided into four portions where a portion being the natural soil (untreated) was subjected to laboratory analysis in order to determine its geotechnical engineering properties. The three other portions treated/stabilized with 3%, 5%, and 8% cement by weight of soil respectively were also made to undergo the same laboratory analysis to determine their geotechnical engineering properties. The tests conducted included Natural Moisture Content, Atterberg Limits, Particle Size Analysis, Compaction (West African Standard & Standard Proctor), California Bearing Ratio (CBR), Unconfined Compressive Strength test. But during compaction, the treated samples were delayed for 0,1,2,3 hours respectively in order to determine impact of compaction delay on engineering properties of the samples. The samples were also classified based on AASHTO Classification and USCS Classification. These tests were conducted for the natural soil in accordance with [20] and the stabilization tests were done in accordance with [21] and [22] .
III. Results And Discussion
Below are detailed results of all laboratory tests.
Test Result of Natural Soil
The preliminary tests were performed for the identification of the properties of the laterite without the addition of cement. Furthermore the results of the natural soil are summarily tabulated in Table 1 . 
COMPACTION CHARACTERISTICS Maximum Dry Density:
The effect of cement content on the Maximum Dry Density (MDD) of lateritic soil at no compaction delay for the SP and WAS compacted efforts is shown in Fig.1 , while the MDD for the natural soil is presented in Table 1 . Generally, MDD decreased to minimum values at 5% cement content and increased with higher cement content for the specimens compacted at the two energy levels. The initial decrease in MDD was due to the presence of large, low density aggregates of particles. Above 5% cement content, the MDD increased because the voids within the coarse aggregates were filled with cement particles with specific gravity of 3.15. The influence of compactive efforts and compaction delays on the MDD of lateritic soil-cement mixtures is shown in Fig. 2 . The MDD of specimens for the compactive efforts used decreased with increase elapsed time after mixing. This might not be unconnected to fact that dry density of soil increases with increase in water content until it gets to maximum dry density at optimum moisture content after which the dry density continues to decrease with increase in water content. So the water needed for the initial increase in dry density would have been escaped into the air following compaction delays.
Optimum Moisture Content:
The variation of Optimum Moisture Content (OMC) of stabilized lateritic soil with cement content for the two compactive efforts used at no compaction delay is shown in Fig.3 . The OMC for the natural soil with respect to the two compactive efforts used are shown in Table 1 . For specimens compacted at the energy of the SP, the initial decrease in OMC recorded may be due to self-desiccation of the water used. When no water movement to or from cement paste is permitted, the water is used up in the hydration reaction until too little is left to saturate the solid surfaces and hence the relative humidity within the paste decreases. The process described above might have affected the reaction mechanism of the stabilized lateritic soil. The range of samples compacted at the energy levels of WAS and SP with cement content, conformed to the increasing OMC/decreasing MDD, and decreasing OMC/increasing MDD patterns (see Figs.1  and 3) . It was observed that the WAS at 3% cement content was higher in OMC than in the SP. This is not in agreement with the trend earlier reported by [18] for the same type of soil. Test variability might be responsible for the result obtained.
The effect of compactive efforts and compaction delays on the OMC of soil-cement mixtures are shown in Fig.4 . Generally, it was observed that OMC decreased with increase in compaction delays. The specimens with 3% cement content compacted at the energy level of the SP had the largest loss in OMC of 26% at the end of a three hour elapsed time after mixing. This may not be unconnected with the lower hydration produced in the 0-3% cement content range at no compaction delay. The losses in OMC of specimens recorded at 8% cement content and a maximum of three hours compaction delay for the SP and WAS compactive efforts are 23% and 20%, respectively. The decrease in OMC of cement treated specimens with increase in compaction delays as shown in fig4 is mainly due to the fact that, why hydration (primary reaction) is expected to decrease continuously with increase in time, the secondary reaction which is pozzolanic in nature results in ion exchange that modifies the clay structure of the soil, thus, reducing its plasticity index (PI) and OMC.
STRENGTH CHARACTERISTICS
The strength criterion used in selecting materials for base course is the stability measured in terms of the California Bearing Ratio (CBR) and Unconfined Compressive Strength (UCS) which are indirect tests for evaluating strength characteristics of paving materials. Although the most popular procedure is the UCS, it is however, not necessarily the most appropriate test for all cases. The use of the CBR test for determination of cement requirements is probably due to the wide use of the test for pavement design purposes in tropical areas [23] . However, one of the main difficulties in the use of this test is the uncertainty of choosing the curing procedure which is the most representative of the field conditions expected for tropical environments and which value of CBR is considered for the finished stabilized layer. According to [12] , cement-stabilized soils are usually evaluated by UCS test, but CBR testing is employed in evaluating lime-stabilized soils due to the differences in their hardening characteristics. For the purpose of this study the soil-cement mixture prepared was evaluated using the UCS and CBR criteria.
The improvements in the UCS and CBR due to the addition of cement at no compaction delay for the two compactive efforts are shown in Figs.5 and 6, respectively, while Figs. 7, 8, 9 , show the influence of compaction delays on UCS and CBR values. Cement-stabilized soils harden quite rapidly, particularly at high ambient temperatures, which are common in the tropics. The result of soil-cement reaction is the improvement of the engineering properties of the natural soil. Figure 5 shows that the UCS increased with curing period at 0% cement content. This gain in strength might not be unconnected to hydration reaction that takes place whenever cement comes in contact with water. When water reacts with cement in the specimens, it bonds the components together; hence robust stone-like specimens are created. Consequently, judging from the low durability indicated by the resistance to loss in strength of 34% and 32% for UCS specimens compacted at the energy levels of the SP and WAS respectively, it can be taken that 8% cement-stabilization is not adequate for lateritic soil used in this study.
Unconfined Compressive Strength:

IV. Conclusion
The residual lateritic soil used in this study was classified as A-7-6 (7) and CL as according to [24] . Specimens treated with maximum 8% cement and compacted with no delays at the energies of the SP and WAS yielded average 7 day UCS values of 1660 kN/m 2 and 2145 kN/m 2 , respectively. For specimens compacted using the SP compactive effort the average UCS value is lower than the convetional 1720 kN/m 2 criterion for adequate cement stabilization and it implies that the 7% cement content prescribed for the stabilization of A-7 soil by [22] is not adequate for the lateritic soil used in the study. The conventional requirement for adequate cement stabilization was met by specimens compacted at the energy of the WAS. However, a cause for concern is the low durability measured by way of resistance to loss in strength of UCS specimens immersed in water. The CBR values recorded for the two compactive efforts at no delay range between 60% and 180% with the specimens compacted at the energies of the SP and WAS satisfying the prescribed 80% minimum CBR value for base course as according to [22] except for 3% cement stabilization compacted at energy level of SP whose value was 60%.The maximum values for the two compacted energy levels were recorded at 8% cement stabilization i.e 90% and 180% for SP and WAS respectively. It can be concluded that the 8% cementstabilized lateritic soil is adequate for base course at the energy levels considered in this study. The compaction and strength characteristics of the cement-stabilized lateritic soil specimens compacted at the two energy levels decreased with increase in compaction delays. A maximum delay of 1 hour and 2 hours for specimens compacted at the energies of the SP and WAS, respectively, are all that can be tolerated. At 8% cement content and a maximum compaction delay of 3 hours, losses of 12%, 23%, 31% and 20% in MDD, OMC, UCS and CBR, respectively were recorded for specimens prepared at the energy level of the SP, while losses of 10%, 20%, 32% and 39% in MDD, OMC, UCS and CBR, respectively, were recorded for specimens prepared at the energy level of the WAS.
